However, to the best of our knowledge, synthesis of pyrimidine-2,4-dione skeleton (simply as uracil ring) starting from the Baylis-Hillman adducts has not been published.
A broad spectrum of antiviral activity has been described for 5-substituted pyrimidine nucleosides. 4, 5 Although many approaches for the synthesis of 5-substituted pyrimidine bases have been reported, 4 ,5 a new synthetic method of 5-substituted uracil derivatives are still of particular interest in terms of new drug development. Recently, Knochel and coworkers reported the synthesis of 5-benzyl substituted uracil derivatives from zincated thymine derivatives and aryl iodide in the presence of palladium reagent. 6 We described herein a novel synthesis of 5-substituted uracils from BaylisHillman adducts.
During the investigations on the Baylis-Hillman chemistry 2, 7 we presumed that we could prepare 5-substituted uracils by following Scheme 1. Introduction of amine at the Baylis-Hillman acetate 1 could afford 2 and 6 depending upon the reaction conditions (vide infra). 7 Synthesis of urea derivatives was carried out by using KOCN or benzyl isocyanate to form 3 and 7, and the following cyclization of the urea derivatives with alkoxide base would give the pyrimidine-2,4-dione skeletons 5 and 9. We expected that the corresponding intermediates with exo-double bond, 4 and 8, could be converted easily into the endo form, 5 and 9, during the reaction.
Synthesis of N-substituted cinnamylamine derivatives 2 was carried out from the reaction of 1 and amine compounds in DMF in the presence of K 2 CO 3 in moderate yields. The N-substituted urea derivatives, 3a, 3b and 3d, were prepared
Scheme 1
Notes from the reaction of the corresponding cinnamylamine compounds 2 with KOCN (2 equiv) in aqueous acetic acid in moderate yields at room temperature. N,N-Disubstituted urea derivative 3c was synthesized from the reaction of 2b and benzyl isocyanate. With these urea compounds 3a-d in our hands, we examined various conditions for the effective cyclization toward 5-substituted uracil skeleton. Among them the use of NaOEt or t-BuOK was found to be the best choice. As shown in Table 1 , 3a-d was converted into the desired uracils 5a-d in short time with NaOEt or t-BuOK in moderate yields.
In order to prepare 5,6-disubstituted uracils 9, we introduced some amine molecules at the secondary position of the Baylis-Hillman adduct according to the well-known protocol involving the use of DABCO salt concept 7 to make 6a and 6b. Corresponding urea derivatives 7a-c was prepared as before (vide supra). However, the use of NaOEt in the cyclization stage to the desired 9 caused some problems. In the reaction mixture of 7a/NaOEt/EtOH, we found the formation of variable amounts of 8a, 9a, and 10 (Scheme 2). The compound 10 might be generated by the Michael type addition of ethanol at the exo-methylene double bond of 8a. Thus, we changed the base as a nonnucleophilic t-BuOK. However, the use of t-BuOK in tBuOH also did not produce the desired 9a in high yield. Appreciable amounts of 8a (27%) were isolated together with 9a (23%). The effective synthesis of 9a was finally achieved when we used t-BuOK in toluene at refluxing temperature (Scheme 2 and entry 5 in Table 1 ). Similarly, the use of NaOEt/EtOH or t-BuOK/t-BuOH did not give high yield of 9b from 7b as shown in Scheme 2. Fortunately, the use of t-BuOK in toluene gave 9b in good yield (entry 6 in Table 1 ).
It is interesting to note that the reaction of 7c/t-BuOK in toluene afforded 5c in moderate yield, unexpectedly, instead of the expected 5,6-disubstituted uracil derivative. The plausible reaction mechanism is depicted in Scheme 3. The urea moiety of 7c rearranged to the primary position to give the thermodynamically more stable form. Then the following cyclization gave 5c.
In summary, we disclosed facile synthesis of a variety of 5-substituted and 5,6-disubstituted uracil derivatives starting from the acetates of the Baylis-Hillman adducts. We think that this method could be used successfully for the synthesis of biologically active nucleoside derivatives. The reaction was carried out by slow addition of excess amounts of aq. KOCN (4 equiv).
Scheme 2 Scheme 3 Experimental Section
Synthesis of starting materials: The starting materials 2a-c were synthesized from the acetate of the BaylisHillman adduct 1 and aniline, benzylamine, and 1-aminoindan, respectively, in DMF in the presence of K 2 CO 3 according to the literature method. 3, 7 Synthesis of 6a and 6b was carried out according to the reported method using the corresponding DABCO salt of 1 and aniline or benzylamine in aq. THF. 3, 7 These starting materials 2a-c, 6a, and 6b were used for the synthesis of urea derivatives 3a-d and 7a-c. Synthesis of mono-substituted ureas (3a, 3b, 3d, 7a, 7b) was carried out with KOCN (2 equiv) in aq. AcOH at room temperature. N,N-Disubstituted urea derivatives (3c and 7c) were synthesized easily from 2b and 6b with benzyl isocyanate (2 equiv) in toluene. The spectroscopic data of prepared starting urea derivatives 3a-d and 7a-c are as follows. Typical procedure for the synthesis of uracil derivative 5a: To a stirred solution of 3a (310 mg, 1 mmol) in ethanol (1 mL) was added a solution of NaOEt (21% solution in EtOH, 650 mg, 2 mmol) and the reaction mixture was heated to reflux for 2 h. After the usual workup and column chromatographic purification (hexanes/EtOAc, 3 : 1) process, we obtained the desired compound 5a as a white solid, 195 mg (70%). Synthesis of other uracil derivatives was carried out similarly and the spectroscopic data of prepared uracil derivatives 5a-d, 9a and 9b are as follows. 
